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ACDM Universe

Tegmark+ 2004

Wavelength A [h ! Mpc]
1000 10

Linear region
/ -Large scales (> 1 Mpc)
) -> Remarkable success!

*Small scales (< 1 Mpc)
-> What’s going on?

® SDSS galaxies

# Cluster abundance
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The structures on small scales (< 1 Mpc): Mllky Way

EBEZR/\O—DH (Bullock & Johnston 2005)

- Dwarf spher0|dal (dSph) galaxy

Eﬁl 'IEI’JJ_1 3nfﬁat(i

»

éliﬁﬂﬁ Eiﬁ’CUDACDMfE_nHH&UfE/—Iﬁ/ﬂZ I%OL\’CFI’EEF.E’E’ ')‘_t

Fornax i Sculptor

Faint, no gas, no cu‘rrent SF & diffuse system

- Stellar streams

BEENBEICE DN -AEA AIHE !
e.g., %%& 8. M7, ERE.
REREE. BEHEE). B, . .

Belokurov+ 2008
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Dwarf spheroidal galaxy as a probe of DM

Mass to Light ratio (M/L) within stellar extent in dSphs

Galactic sub—group @
Andromeda sub—group =

Seq UMdjllg UMaj
. °®

(M/L), = 10"~103
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Current small scale problems in ACDM

+* Core-cusp problem
- Too steep dark matter density profiles of ACDM subhalos.

“* Missing satellites problem Solutions:
- Overabundance of ACDM subhalos. - Baryonic feedbacks?
¢ Too-big-to-fail problem - Alternative DM models?
- Too concentrated most massive ACDM subhalos. | - Incomplete observational data?

+»» Satellite plane problem
- Anisotropic distribution & coherent motion of dwarf satellites

Core-cusp Missing satellites

»,CDM subhalg

[ I\ Si

o \ %

S 100 A\

El P R o Virgo ¢
{ \ i

Too-big-to-fail Satellite plane

v
\
N {J
8
£
- G
! \\
]

[ ) S

| Me

10! 100
Ry, (kpc)

(Oh+ 2011) (Moore+ 1999) (Boylan-Kolchin+ 2012)  (Pawlowski+ 2013)
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~|s there a core-cusp problem?~

GCORECUSEERROBIEEM
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Deriving DM profile from Jeans analysis

o%(R) = 2 /00 <1 — ﬁRz) V()i dr
g I(R) /r r2 /) /1% — R? Walker+ 2009

B—1_ 03) + o2
20'3
observed not observed

500 1000 1500 2000

DM halo profile:

500 1000 1500 2000 0

Stellar profile:

I(R) =
.W_Rlzlalf (1 + ‘lzz/lzﬁalf)2

1

7 *

l-0-s velocity dispersion of stars [km/s]

| :
500 750 1000 1250 O 250 500 750 1000
R [pc] R [pc]

No strong constraints on central profile
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Multiple populations in dSphs

Battaglia+ 2008

e Sculptor,

FYEFMR T RN SN TOD R/ RAIZIE

MNEEL TS,
INBIERILE =3 3—HRToovILRZEEEL TS EEZ NS,
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Logarithmic slope of the mass profile

Walker & Penarrubia + 2011

1.0 . i D — .For
~ i £ | .... slope=3 (core) -~ 7 | 2 :
875 |- g~ 7 = :
= i > 7 - 7 B I
~ f/ 8 ,‘ O )
— 7 - — '
= 54 o7 = o r' -
S s’ ‘ : 2l o
. £ o . | S
v 7 - 7 -] 5 a “g Q |
= i ’ ] I ‘ 13 o | - N
= i z .- 17.5 p2 o8] | I
OE , L RN . 3 i-
, -
P & - o || - _
el R Sculptor b Fornax - X |
X ] L | ‘ -
;: | PRI | 7 oo 1 1 L1l [1JJ'111 [ k11
2.2 2.4 2.6 2.6 2.8 3 p : £ 5
Prefer to core? b & = & & B

logyo [Rparl (PC) log, [Rpae) (Pe) ' = Alog,ol\'l,/Aloglor'

FIG. 10.— Left, center: Constraints on halflight radii and masses enclosed therein, for two independent stellar subcomponents in the Fornax and Sculptor dSphs. Plotted points
come directly from our final MCMC chains, and color indicates relative likelihood (normalized by the maximum-likelihood value). Overplotted are straight lines indicating the central
(and therefore maximum) slopes of cored (lim, o d logM /d logr] = 3) and cusped (im,,odlog M /dlogr] = 2) dark matter halos. Right: Posterior PDFs for the slope T™ obtained for
Fomax and Sculptor. The vertical dotted line marks the maximum (i.e., central) value of an NFW profile (i.e., cusp with vypy = 1, lim, _p[dlog M /dlogr] = 2). These measurements
rule out NFW and/or steeper cusps (ypyv = 1) with significance s 2 96% (Fomnax) and s > 99% (Sculptor).

:cored profile

Alog _logIM(ruz)/M(r)]
Alogr

['=

:cusped profile
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Deriving DM profile from other methods

- Distribution Function (Amorisco & Evans 2012)

| NFW halo
N \% = 58.5

Px,0 _L2
fuk(E, L) = Qo) exp (7) fx(E),

Q2mo 2r2o?

where

~
z
=
g
o2
=
<
Z
S

d(ry) — E
) = exp | TS E | 1

f | (NFWAA—THEHEHBHHETL
Cored halo : 20, HIDEFEANKHENSELN
V2= 46.3 TLB3LD LY. BLMITIEL,)

(rh»s/(krn/s)
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Deriving DM profile from other methods

- Distribution Function (Strigari+ 2014
istribution Function (Strigari+ ) AN EEAHEUTORIZLT.
Amorisco & Evans (2012)[a]

E,J)=g(J)h(EL) ¥k. SculptorM2ig k2R H%

[1+(J/Js)7%] ", forb<0 BEL=,

1+ (J/Js)®, for b > 0.
NE*(E? + E2)%%(®yim — E)® for E < ®yim
forE > @y,
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Deriving DM profile from other methods

- Schwarzschild method (Breddels+ 2012, Breddels & Helmi 2013)
Schwarzschild 1979; Vandervoort 1984

¢+ 11 s —~ o 4D

Images of model orbits

Fornax

73/‘(7 *ﬁ ’CJE::IT*% ’C%ﬁfﬁh\—j

0.25 0.75 1.0 1.25 1.5
R (kpc)

BARERFERT—IavT



Core or Cusp?

CORE CUSP

A METHOD FOR MEASURING (SLOPES OF) THE MASS PROFILES OF DWARF SPHEROIDAL GALAXIES
Dynamical models for the Sculptor dwarf spheroidal in a|
MATTHEW G. WALKER'?? & JORGE PEN/ \M\l BIAZ . q
: : . i ' d ACDM universe

Dark matter cores and cusps: the case of multiple stellar populalmns in : g . . > 3
dwarf spheroidals 5 2 ; » o ; ' 3 E Lou]s E. Stuﬂ <111 Carlos S. Frenk? and Simon D. M. White?

Kmematlcs of Mllky Way satellites in a Lambda cold dark matter universe

L0u15 E. Strigari,'* Carlos S. Frenk? and Simon D. M. White?

MEASURING DARK MATTER PROFILES NON-PARAMETRICALLY IN DWARF SPHEROIDALS:
O DRACO

THE DARK MATTER DENSITY PROFILE OF THE FORNAX DWARF

M JoHN R. JARDEL', KARL GEBHARDT LIAN F, I N *, AND MICHAEL J. WILLIAMS?

POTICE » > \ K AD TERUAR ] T AR =
JOHN R, JARDEL \\Ili\n.}\ljl.l..ll.}\ll : i SR TIONS IN / / OR DWARF SPHEROIDALS

The core size of the Fornax dwarf spheroidal§

N @ Airrderen 2 A Amal a7 T S SN On the Dark Matter profile in Sculptor: Breaking the 3
L At SR P e TRRE ST ! B pREERy S8 LN degeneracy with Virial Shape Parameters

COMPLEXITY ON DWARF GALAXIES SCALE: A BIMODAL DISTRIBUTION FUNCTION IN SCULPTOR
M AARTEN A. BREDDELS AND -\.\u\,\ lh LMI

Orbit-based dynamical models of the Sculptor dSph galaxy : Model comparison of the dark matter profiles of Fornax, Sculptor,

Carina and Sextans
Maarten A. Breddels,'* A. Helmi,' R. C. E. van den Bosch,? G. van de Ven?

and G. Battaglia®

Maarten A. Breddels and Amina Helmi

Cores in Classical Dwarf Spheroidal Galaxies? A
Dispersion-Kurtosis Jeans Analysis Without Restricted
Anisotropy

A UNIVERSAL MASS PROFILE FOR DWARF SPHEROIDAL GALAXIES?*

MATTHEW G. WALKER', MARIO MATEO?, EDWARD W. OLSZEWSKI®, JORGE PENARRUBIA', N. WyYN Evans',
AND GERARD GILMORE'

B Thomas Richardson*!, Malcolm Fairbairn

4E§Rm E"] Eﬁi"j 7:/3‘770



New insight into inner profile of DM halo

N-body + hydro simulation in ACDM Universe

F—ONO—ZBEIHILE-F 7/\5—531:!:)(35%13252! 7(%(11‘27?'3’%)

-0.20 -0.40 -0.60 -0.80 -1.00

cumulative SFR
o
™

o
)

0.0O 5

log,o Muao[Mg] Di Cintio+ 2014 REIONIZATION time (Gyr)  ORorbe+2014

10.0 10.5 11.0 11.5 12.0
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Possible relation between DM density and SFH
Hayashi & Chiba 2015b
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~Discover new hopes™

MISSINGESAVIEEEHERRROBIFEM
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Discovering NEW faint dwarfs in MW

-9 newly faint dwarfs is discovered from Dark Energy Survey (Koposov+ 2015)

.
"

- Eridanus3

~
£
€
o
o
o
N2
IS

¢ (aremin)
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Current status and Future prospects

McConnachie (2012): 27 satellites + new 13 UFDs

(1)
Galaxy

(2)
Other Names

Table 1
Basic Information

(5) (6)
RA. Decl.
J2000 J2000

The Galaxy
Canis Major
Sagittarius dSph
Segue (1)

Ursa Major II
Bootes 11

Segue 11
Willman 1
Coma Berenices
Bootes 111

LMC

SMC

Bootes (I)
Draco

Ursa Minor

Sculptor

Sextans (I)

Ursa Major (I)
Carina

Hercules

Fornax

Leo IV

Canes Venatici II

LeoV

Pisces II

Canes Venatici (I)
Leo II

SDSS J1049+5103

Nubecula Major
Nubecula Minor
NGC 292

UGC 10822
DDO 208
UGC 9749
DDO 199

SDSS J1257+3419

Leo B

UGC 6253
DDO 93

UGC 5470
DDO 74
Regulus Dwarf

The MW sub-group (in order of distance from the M|

S(B)bc 29490028°
777 7912735} 27440700
dSph 3043243+
dSph 707045 +16404755
dSph - +63¢0748"
dSph : +12451700°
dSph 2919716 +20410™31%
dSph f - +51403700%
dSph ; - +23¢541 5
dSph? 2 +26°48700°
Irr a23m348 694945022
dler 152445 72494943

dSph 47 00™ 06" +14“30700°
dSph 720%™ ] 254 +57¢54155%

dSph 109™08: +67413921%

dSph
dSph
dSph
dSph
dSph
dSph
dSph
dSph

dSph

dSph < :
dSph : - +33933921%
dSph 17137288 +22409706

dSph 107 08™28 +12¢18723°

FARBAIMTFEHRT —

-10
(mag)

3
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[ (.
4 5 6 7 8 9
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@-® Combined Correction
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Can baryon solve this issue?

The APOSTLE simulations: solutions to the Local Group’s
cosmic puzzles

=A, <
NCOMERZHE DA A DT
Till Sawalal?, Carlos S. Frenk!, Azadeh Fattahi®, Julio F. Navarro®4, W | S 7 — |
Richard G. Bower!, Robert A. Crain®, Claudio Dalla Vecchia®’, Michelle Furlong?, /N J T‘/ 0) X jJ % '“ Ct 2 —C >

John. C. Helly!, Adrian Jenkins', Kyle A. Oman?, Matthieu Schaller!, Joop % Fﬁ fE /EI g¥ D MSP ( iﬁg ;‘k EJ‘ -ﬁlé

Schaye®, Tom Theuns!, James Trayford! and Simon D. M. White®

Du|<300 kpc D_<300 kpc Du.c<2 Mpc

- M31 Sotellites - MW Sotellites - LG Goloxies
W Sotellite Goloxies w= Sotellite Goloxies w= Goloxies
ww Sotellite Holos w= Sotellite Holos w= Holos
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Can WDM help it?

Lovell+ 2014

CDM
m = 2.3 keV 3

m =2.0 keV i [ \L
| Bl W\ Jz IJ/A .
2.5

= 0.0 0.5 1.0 1.5 2.0

3 log,,(k/h Mpc™)
m=1.5 keV 1 °

log,, [ A%=(K*P(K))/2? ]

WDM model:
INSTEZERB R T —ILD
BEXEYIZKLKT S,
MSPZ i R o g

COM+/\ A #HhE8 vs. Warm dark matter
ESHEAIELLY?
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~Massive Failure?~

TOQ=EG=1TO=[F/AIL [PROELEMWM
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Beyond the Milky Way

Circular velocity: GM( ) Observed value: GM( )
O < Thalf
Veire = Veire(Thalf) =
T Thalf
MW Andromeda LG galaxies

top 10 ":1..1»;':-

1
_Vmax > 25

)
S~
E..
=,
O
=
(@)
>

B MW satellites

Field galaxies

0.2 0.4 0.6 0.8

i} : . 0.2 0.3 0.6 1
rr |KpcC

r (kpc)

Boylan-Kolchin+ 2012 Collins+ 2013 Garrison-Kimmel+ 2014

TBTFRIEIEIMWIZ I+ THL, BFEAHFSADR I
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To mitigate TBTF problem

TBTFfEIRE = FIDER DA — O A—ZBELN A D EFNLYERFIZFH LY
= FILDEDF —IIA—BEEEZTITTHITFNIXELY,
= core-cuspfEERIHR D A E(SN feedback) TR ATREMELLNAELY
e.g., Madau+ 2014; Brook+ 2014; Ogiya & Burkert 2015

Madau+ 2014: 3L REE/NMERI S 2L —3 32 (N-body+hydro)
B/ X . EE=. ®E=E. EMARTHHR

)
N
z=2 Hydro N
1 Hydro ™~

z=
z=2 Collisionless
z=1 Collisionless
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Revisit TBTF problem

HJ/\O—[Z[& BINBERAHELSDI=AO?
= Abundance-Matching [&low-massfBl CiEFAL TRLINDH ?

A MW dSph e . o Sawala+ 2014

e e SRR 97 "SfREREIaAL—I 3y
v, o IN\NYAEEELT-

BEEERODAMER 1=,

This work (z=0)

. centrols -AM method fails at low mass halos
. sotellites BV \NO—[ZH BB UVE/IME X
7% B AT Re
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Revisit TBTF problem

The APOSTLE simulations: solutions to the Local Group’s

cosmic puzzles :7*§ ?&ﬂzéﬂz bf&l'\'~1z{b
Till Sawalal?*, Carlos S. Frenk!, Azadeh Fattahi®, Julio F. Navarro®*, -3_ isﬁ l‘l > ﬁE ;T 0) Eﬁ';ﬂ“ %E % % ﬁ Iﬁ'

Richard G. Bower!, Robert A. Crain®, Claudio Dalla Vecchia®7, Michelle Furlong1 %) t ( I

’ d Lo
John. C. Helly?, AdI‘ldIl Jenkins!, Kyle A. Oman?, Matthieu Schaller!, Joop j: ﬁbo
Schaye®, Tom Theuns!, James Trayford! and Simon D. M. White?

Eﬁg?ﬁ‘—?ﬁlﬁ'ésubhalo EDE=ORENEIMN—ET BHsubhalo

Carina ‘ Carina

o} Sculptor

ol CanVen | _ 4 Fornax

—1
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Revisit TBTF problem

The APOSTLE simulations: solutions to the Local Group’s

cosmic puzzles :7*§ ?&ﬂzéﬂz bf&l,‘kﬁ.‘ib
Till Sawalal?*, Carlos S. Frenkl, Azadeh Fattahi®, Julio F. Navarro®?, -3_ isﬁ l‘l > fE JT 0) Eﬁlﬂ“ %E % % ﬁ Iﬁ'

Richard G. Bower!, Robert A. Crain®, Claudio Dalla Vecchla67 Michelle Furlong® %) t( I

’ d [
John. C Helly', Adrld.n Jenkins!, Kyle A. Oman?, Matthieu Schaller!, Joop j: ﬁbo
Schaye®, Tom Theuns!, James Trayford! and Simon D. M. White?

EE%#§—ﬁTésubhalo EDE=ORENEIMN—ET BHsubhalo

i Draco lCormo — 40 Leo I Cormo

B4 DRAREMEAETDT—H A0
EDESRA-EIELTELNERRT SREHBD

= | p——c

ol CanVen | Sextans
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~Stable or Unstable™

SAVIEEEINERRIFANENRROBIFEM
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Spatial distribution of MW satellites
DV;/;\] y \,’.'+ ERS

N [S

Lynden-BelllZ&k>T1975F(Z(F
RAIRYTIAMORFENGE T
HEINTULV =,

Institut 200

Some

at SAAO

pondet * LN 7 | Vast POlar Structure (VPOS)
Astrophys.

R. D. D¢

satellites i

Draco (D

directions
twice as f;

After that...

Flattened distribution of 11 brightest satellites (Kroupa+ 2005)
-UFDs are also associated with disky distribution (Metz+2009, Kroupa+2010)
-GCs and half of the stellar and gaseous stream are also included (Pawlowski+2012)
-VPOS also consists of recently discovered UFDs (Kroupa+ 2015)
-Most of these satellites have co-orbiting within the VPOS (Pawlowski & Kroupa 2013)
-Andromeda satellites also distribute large disk-like structure (Ibata+ 2014)
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Can ACDM reproduce these features?

ACDM is problematic!
ACDM is correct! AR

M. Pawlowski

KEREDBFLGAA—DTE X
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Unsurprisingly Aligned
Libeskind+ (2005): N-body+SAM i Sawala+ (2015): N-body+hydro

| iR
e
‘\“\‘\\\“W’

® : Location in the sky
A : angular momentum vector

| T SA MR IAS AU TR TESL TET-
|| #58 . disk-liker D FIZHoT=,
|| @ER XL 7 A LWL I TIEALY
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On the persistence of this in ACDM

Powlowski+ (2015):
Analyzed satellite plane of ELVIS and EAGLE simulation (Sawala+2015)

ELVIS simulations —_ —_
—r— K Y TSI TDRTEE
2 2 .Standard TolZ AL -4

o
o)

HHR SRR Y TOA MDD REE
ERRTSLCELVIS(/N) A E)DFER

o
o

. v Sawala+15D BT FEIIRFEEZ X
Tensor of Inertia §<E$’§%O?L\é° .
B s v’ Salawa+15(/\)ZA > A)EELVIS(Z/\) A

[ standard Tol y%)@ﬁ*ﬁ(igzkﬂl‘]‘:ﬁ L:o
SELEAVEY v AUAVEANTHEASNDG Y TS
| | | ATz BATEGLY,

O
H

>
—
Q
©
Q
O
—
Q
@
2
-
©
>
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>
O
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==}
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On the persistence of this in ACDM

Powlowski+ (2015):
Analyzed satellite plane of ELVIS and EAGLE simulation (Sawala+2015)

Orbital pole alignment

[ tsckropic (nk alignec) RN TS DEER S
/ BARYTSA - OHERIET 22
O Observed mos ety AEOEEARIEEOTNS
( )o
V TS mNFEAEZE ENERR
TERL(ERRERK),
v ELVIS(/\)A > #E), Sawala+15(/\1) A2
AN ELLLFTDIGZGEERNHBIELY,
v INF 7 AN THcoherent’ZEEN
BIETSAL,
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Difference of thoughts

ACDM is problematic!
ACDM is correct! ,

2 disk B | A DEL YT SA R
ZESEIRT 5D H 2
o —BEIEEDTHDD .

coherent motionl&® 2 TAilY,.
** unusual Cunstable’FtEEEDT
|/7/7'—Z'C:EF:ﬁ EEL\

MW, M31u91~0)’fE/T’CD|s< distribution '&' céoherent
motlonb\% ﬁ;ﬂ%fbé@#%ﬁ’*‘é%\%b‘*%éo
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~New issue of ACDM theory~

SEHABESEO REB)ARIK
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Major systematic uncertainty:
Spherical symmetry

v’ Stellar distributions of dSphs are actuallv not spherical

typlcal prOJected aX|aI ratlo O 6 O 7

P

CwAEBRE L . oL Springel et al.2008



Major systematic uncertainty:
Spherical symmetry

v’ Stellar distributions of dSphs are actuallv not spherlcal
typlcal prOJected aX|aI ratlo O 6 O 7 - .

KH & Chiba (2012, 2015b) first constructed
axisymmetric mass models for dSphs
to obtain plausible limits on
thelr denS|ty proflles and shapes of their DM halos.

MW '-{._i dSph sized halo

20 kpe

CaEBRE . oo Springel et al.2008



New constraint on shape of dark halo in dSphs
Hayashi & Chiba (2015b)

16

14 ¢
12 |
10 ¢
g f

0 200
Sculptor

—t —h
HLOOOOMN

0

(pc)
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Comparison with N-body

Vera-Ciro+ 2014:

Recent N-body simulations have predicted that dark subhalos are not
strongly triaxial, but rather statistically oblate, axisymmetric shapes.

<C/b>subhalo ~0.84

%

b/a

<Q dSph O 55 | Field halos

subhalos
. Luminous subhalos

Much more elongated
than ACDM subhalos!!

E4MERMFEERR I —oavT
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New universality for the DM halos

KH & Chiba(2015a,b) based on axisymmetric mass models

v' Maximum circular velocity

We suppose that a test particle perform
circular motion in a DM halo potential.

Vcirc

r_.. indicates the radius of the maximum

max

value of circular velocity, V.-

v DM surface density withinr,_,

-  M(rmax) v, X pars
Vimax — ) for NEW profiles
T hax p(r) = pa(r/rs)2(1 + r/7,) 2
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A common surface density scale
for dark halos

dSphs (core) [This work] @
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Comparison with dark matter scenario

dSphs (core) [This work]
| dSphs (cusp) [This work]
Spirals (THINGS)
Spirals (GHASP)
dirrs

Spirals & Ellipticals

CDM (WMAP?)

WDM: m=2keV -
WDM: m=3keV
CDM

CDM: Klypin+ 2014
WDM: Schneider+ 2014
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How cold is dark matter?

| dISphs (core) [This work]]
dSphs (cusp) [This work]
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Summary of small scale problems

Core-cusp problem

- BT 20T YT T—BE,

- B—oTa—DhLEESTIEEMRIEKET 3.

Missing satellite problem

- RERAB LR EST, £YE< andlor KYRELMRADRRE I
- INUAUMEMOO S —I AR ? ERE A\ VFYDITEATEE
Too-big-to-fail problem

- TBTFIEARAIZRABEGTDH, ?

- A—ONO—LEMBOBROLYENERIBE,

Satellite plane problem

- Disk-liket&i& & stable or unstable ?, common or uncommon ?

- Local Group A9\ D ERA] THREE T AW ENH S,

Flattened dark halo problem

- Hi+-HACDMBHR OB A,

- ENIA—ONO—%EBLIAL—av R EDECHE,

E4MERMFEERR I —oavT



RUNVURE
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SR EFERmO CNLDL

TOKYO 2020

QG

» Discovery of New UFD

* Hunting a number of * Determining [0/Fe] and
faint stars in MW and better radial velocities TMT
M31 satellites for many faint stars in « Can obtain high-precision
MW dSphs via PFS radial velocities of member
with MR (R~5,000). stars via HROS (R~50,000).
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HSC imaging campaign of Galactic dSphs

Japan + Caltech and JHU team

Draco (2 fields)
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Fornax (4 fields)
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S15B Black: not yet
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Short exposures for (g, i)
were made during M31
halo run in 2014 Nov
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Wide & deep survey of MW dwarf galaxies
w. Subaru/PFS

in previous work (Walker+ 2009) Cumulative number of observable stars

(previous work by Walker+ 2009)
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Wide & deep survey of MW dwarf galaxies
w. Subaru/PFS

in previous work (Walker+ 2009) Cumulative number of observable stars

PFES.FOV FoV for pervious survey

L/

Subaru/PF

<
S
O
—_
AL
O
L
@)
<

0 1 1 1 1 1
17 18 19 20 21 22 23 24
V [mag]

Sculptor

0 —-20 -40 -60 —-80
ARA [arcmin]

nominal boundary (r.~ 76’ )L > ] . 3
Y ( t )’ HARERMFEHR I —IavD




PFS Survey

Precise measurement of DM Halo Profiles ' ...

Stellar Velocity Data <= DN Gravitational Potential
Fit
or) = pa(r/ra) (1t 7/ra)" [ [ areo)

dv =3km/sec

Prob Dens.

log[rs/pc] - 200

Velocity data of | , "

| >~ 800 stars enable %0 175 180 185  19.0
to determine DM halo Log1o[J(0.5°)/(GeV?/em®)]

profiles very precisely

log[rs/pc]

N

J-factor is determined very precisely!

-05 00 05 1.0 —HyayS = nature of DM
—log[1-4:]
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